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SUMMARY 
Tests were conducted i n  the Langley Full Scale Tunnel to  determine the low- 
speed aerodynamic characteristics of a l/lO-scale model of an advanced arrow- 
wing  supersonic cruise configuration designed for cruise a t  Mach 2.2. 
Configurations tested included various segmented leading-edge flaps, use of a 
single-slotted trailing-edge f l a p ,  and use of a slotted spoiler/deflector 
system t o  improve the landing and take-off modes of operation. Extensive 
pressure da ta  were also obtained fo r  one wing panel. 
The data indicated t h a t  the basic configuration exhibited s ta t ic  longi tudinal  
instability for 1 i f t  coefficient greater t h a n  0.3. Deflecting the leading-edge 
flaps reduced vortex l i f t  and p i k h  instability. In addition, leading-edge f l a p  
deflection improved leading-cdge suction and improved maximum L/D. The single- 
slotted trailing-edge flap WBS eqfective i n  providing increments of l i f t  b u t  
produced nose down pitching moments. 
leading-edge f l a p  deflection increased lateral stabil i ty b u t  reduced directional 
stability a t  h i g h  angles of attack. Use of spoilers for roll control were more 
effective vi t h  increasing trai 1 ing-edge flap deflection. With t ra i  1 ing-edge flap 
deflection of 30°, spoilers alone were as effective as the combination o f  spoiler/ 
.deflector. 
providing enough lateral control t o  trim u u t  rolling moments due t o  sideslips of 
10' for atiglps o a t t ack  up  t o  11'. Rudder deflection of 25' was more than 
adequate t o  tris out yawing moments due t o  sideslip of 15'. 
Lateral -directional uata indicated t h a t  
C ~ i i i '  nation of spoiler and aileron deflections was effective i n  
INTRODUCTION 
The present invest igat ion was conducted t o  determine the low-speed 
performance, s t a b i l i t y ,  and control  character is t ics  o f  an advanced arrow-wing 
supersonic cruise configuration designed for cru ise a t  Mach 2.2. The 
invest igat ion was made i n  cooperation wi th  the McDonnell Douglas Corporation as 
p a r t  o f  an overa l l  e f for t  by the National Aeronautics and Space Administrat ion 
t o  provide a technology base for the formulation and development o f  supersonic 
cruise vehicles. The Mach 2.2 design i s  a compromised a i r c r a f t  from a Mach 2.7 
design i n  terms o f  operating costs, near-term technology materials, and reduced 
program r i s k .  The conf igurat ion design and propulsion system development o f  
t h i s  a i r c r a f t  was discussed i n  references 1 and 2. The a i r c r a f t  was sized with 
a 929.0 m2 (10,000 ft2) wing area and an average wing thickness r a t i o  of 3-percent 
t o  meet requirements of a 7412.7 km (4,000 nmi) range and a 3,336 kM (750,000 l b )  
gross take-off weight f o r  Mach 2.2 cruise. 
Although supersonic cruise configurations are e f f i c i e n t  i n  the high-speed 
f l i g h t  regime, they e x h i b i t  general l y  poor low-speed performance and s t a b i l i t y  
and control  character ist ics (see references 3, 4, and 5). Some o f  these 
deficiencies include low levels  of l i f t  f o r  landing and take-off, pitch-up a t  
moderate angles o f  attack, poor l a te ra l -d i rec t i ona l  handling qua l i t i es ,  and low 
levels  o f  l a t e r a l  control  power. Some o f  the features o f  t h i s  Mach 2.2 design 
t h a t  are intended t o  improve the low-speed aerodynamic character is t ics  include: 
the use o f  segmented leading-edge f laps t o  improve L/D and reduce p i t c h  
i n s t a b i l i t y ;  the use o f  s ing le-s lo t ted t ra i l ing-edge f l a p  t o  improve levels  o f  
l i f t; and the use o f  a s lo t ted  spoi ler /def lector  system t o  improve r o l l  control .  
The tests  were conducted i n  the Langley F u l l  Scale Tunnel on a l / l0-scale 
model o f  an advanced arrow-wing supersonic cru ise a i r c r a f t  designed by the 
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McDonnell Douglas Corporation f o r  Mach 2.2 cruise. The t e s t s  were made a t  
Reynolds number of about 4.18 x lo6 based on the mean aerodynamic chord o f  
1.975 m (6.48 ft), w i t h  an angle o f  a t tack range from about -6" t o  23' and 
s i d e s l i p  angle range from -15" t o  20". 
effects of leading-and t r a i l  ing-edge f l a p  def lect ion,  a i l e r o n  and s p o i l e r /  
deflector, hor izonta l  t a i l ,  and the v e r t i c a l  t a i l .  Extensive wing pressure 
d i s t r i b u t i o n s  were a lso measured. A few t e s t s  were made with the flow-through 
engine nacel l e s  removed. 
The t e s t s  were conducted t o  determine 
SYMBOLS 
The long i tud ina l  data are referred t o  the s t a b i l i t y  system o f  axes, and 
the l a t e r a l - d i r e c t i o n a l  data a re  re fe r red  t o  the body system of axes. 
dimensional quant i t ies  .are given i n  the In te rna t iona l  System of Un i ts  and 












aspect r a t i o  
wing span, 4.131 m (73.55 ft) 
wing chord, m ( f t )  
mean aerodynamic chord, 1.975 m (6.480 f t)  
Orag 
qs 
drag coef f i c ien t ,  
minirnum drag c o e f f i c i e n t  
L i f t  l i f t  coef f i c ien t ,  -
qs 
l i ft c o e f f i c i e n t  a t  Cdmin 
r o l l  ing-momen t coef f  i cien t , R o l l  i ng moment -
qSb 
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rolling-moment due t o  s i d e s l i p  
P i tch ing  moment 
(IS€ 
p i  t c h i  ng -moment coef f i c i  en; 
Yawi nq moment 
qSb yawi ng-moment c o e f f i c i e n t  , 
yawing moment due t o  s i d e s l i p  
P - p . .  pressure coe f f i c i en t ,  --- 
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side-force c o e f f i c i e n t  , Side fo rce  ss 
side-force due t o  s i d e s l i p  
incidence angle o f  hor izonta l  t a i l  , p o s i t i v e  t ra i l i ng -edge  down, deg 
7 i f t -to-drag r a t  i o  
loca l  s t a t i c  pressure, Pa ( l b / f t Z )  
free-stream s t a t i c  pressure, Pa ( l b / f t  ) 
free-stream dynamic pressure, Pa ( l b / f t  ) 
wing area, 9.29 m (100 f t  ) 
angle of attack, deg 
angle o f  at tack a t  zero l ift, deg 
angle o f  s idesl ip,  deg 
a i l e r o n  de f l ec t i on  angle, p o s i t i v e  t ra i l ing-edge down, 
2 .  
2 
2 2 
(+) f o r  drooped de f lec t i on  
(2) f o r  d i f f e r e n t i a l  d e f l e c t i o n  set  f o r  p o s i t i v e  ro 
leading-edge f l a p  de f l ec t i on  referenced t o  undeflected 
pos i t ion,  deg 
t ra i l ing-edge de f lec t ion ,  deg 
1 
leading-edge 
rudder def lect ion,  p o s i t i v e  f o r  t ra i l ing-edge l e f t ,  deg 
spo i l e r  conf igurat ion;  60 for spoi l e r /de f l ec to r ;  -60 f o r  inver ted  
spoi ler,fdeflector; 601 f o r  s p o i l e r  only - (see f i g u r e  2) 
Subscripts : 
1, 2, 3, 4, 5. 6 ,  wing leading-edge f l a p  segments (used w i th  bf,le); 1, 
nearest wing roo t  and 6, nearest wing t i p  (see f i g u r e  1). 
s = o  zero-percent leading-edge suction 
S = 1 .O one hundred-percent leading-edge suct ion 
Abbreviations: 
BS 
WL model water 1 i ne 
body s ta t i on  ( long i tud ina l  distance from model nose) 
MODEL 
The dimensional charac ter is t i cs  o f  the l / l0 -sca le  model are shown i n  
f i g u r e  1. A schematic.drawing of the leading-and t ra i l ing-edge f laps  and the 
spoi ler /def lector  system i s  shown i n  f i g u r e  2. 
mounted i n  the Langley F u l l  Scale Tunnel are shown i n  f i g u r e  3. The model was 
constructed of f iberg lass over an aluminum frame and was essent ia l l y  r i g i d  f o r  
t h i s  test .  The model was instrumented w i th  270 pressure o r i f i c e s  d i s t r i bu ted  
among f i ve  spanwise rows over the wing. The locations of the or i . f ices are 
given i n  Table I .  The pressure data were obtained using scanivalve transducers. 
Photographs o f  the model 
The wing consisted o f  an arrow planform w i th  an inboard leading-edge sweep 
angle o f  71" and an outboard sweep o f  57" with the leading-edge break a t  the 
63-percent semispan loca t ion  (see f i gu re  1).  
segments o f  leading-edge f l a p  de f lec t ion  inboard and two segments o f  leading- 
edge f l a p  de f lec t ion  outboard o f  the leading-edge break. A schedule of configura- 
The wing was constructed w i th  four  
t ions  f o r  various combinations o f  leading-edge def lect ions i s  given i n  Table 11. 
The wing had an inboard and outboard s ing le-s lo t ted t r a i  1 ing-edge f l a p  system 
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as shown i n  f i g u r e  2. The t r a i l i n g  edge f l a p s  were def lected from 0" t o  30". 
Also shown i n  f igure  2 are the s l o t t e d  spo i le r /de f lec to r  and the inver ted 
spo i le r /de f lec to r .  The spo i le r /de f lec to r  system was tested on ly  asymnetr ica l ly  
f o r  i t s  e f f e c t  on r o l l  con t ro l .  The model was tested i n  a l i m i t e d  number o f  
runs w i t h  the engine nacel le  removed. The t a i l - o f f  con f igura t ion  on most o f  
the tes ts  consisted o f  having both hor izon ta l  and v e r t i c a l  t a i l s  removed. 
TESTS AND CORRECTIONS 
S t a t i c  fo rce  tes ts  were made on the l / l 0 -sca le  mode. i n  the Langley F u l l  
Scale Tunnel a t  a freestream dynamic pressure o f  q = 575 Pa (12 ps f ) .  
were conducted over an angle o f  a t tack range from about -6" t o  23" 
a s i d e s l i p  range from -15" t o  20". 
Tests 
and over 
Flow v i sua l i za t i on  on . th i s  model was made w i th  a technique developed a t  
This technique, McDonnell Douglas Corporation and reported i n  reference 5. 
re fe r red  t o  as non- intrusive f lourescent m in i - t u f t s ,  allows a la rge  number of 
t u f t s  t o  be appl ied t o  a model i n  a way t h a t  produces neg l i g ib le  in te r fe rence 
w i t h  model forces o r  pressures. 
extremely f i n e  nylon mono-filament f i b e r  f o r  t u f t s  and a process o f  .at taching 
the t u f t s  t o  the model surface w i t h  small drops o f  l i q u i d  adhesive. 
are rendered v i s i b l e  w i t h  f lourescent  photography. 
f lourescent m i n i - t u f t s  have shown d i f ferences o f  on ly  two t o  three drag counts 
due t o  the presence o f  the t u f t s .  
t o  be run concurrent w i t h  s t a t i c  force tests.  
The basis o f  the method i s  the use o f  
The t u f t s  
Previous experience w i t h  
This feature al lows f?ow v i s u a l i z a t i o n  t e s t s  
The model was tested inver ted t o  evaluate the f l ow  angu lar i t y  and s t r u t  
tares, and these correctsons were appl ied t o  the data. 
computed t o  be ACD = .0004 was appl ied t o  the data. I n  t e s t s  o f  
A buoyancy co r rec t i on  
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s i m i l a r  configurations (references 3 and 4) ,  tunnel w a l l  correct ions were found 
t o  be n e g l i g i b l e  and thus were not appl ied t o  t t ie data. 
determined from tunnel surveys of s i m i l a r  s ize  models were appl ied t o  the data. 
Blockage correct ions 
PRESENTATION OF DATA 
A t e s t  schedule and tabular l i s t i n g  o f  the data are presented i n  Appendix. 
Longi tudinal  aerodynamic character is t ics :  
Flow v i s u a l i z a t i o n  
Pressure d i s t r i  but  i on 
Ef fec t  o f  leading-edge f l a p  d e f l e c t i o n  
Ef fect  o f  outboard leading-edge f l a p  de f lec t ion  
Buildup o f  segmented leading-edge f l a p  d e f l e c t i o n  
Ef fect  o f  t ra i l ing-edge de f lec t ion  
E f f e c t  o f  hor izon ta l  t a i l  
E f f e c t  o f  hor izonta l  t a i l  incidence 
Effect  o f  nacel les 
E f fec t  o f  s i d e s l i p  
Leading-edge suct ion analysis 
La tera 1 - D i  r e c t i  ona 1 character i s t i cs 
E f f e c t  o f  sides1 i p  on clean leading-edge conf igurat ion:  
t a i l  on 
t a i l  o f f  
E f fec t  o f  i d e s l i p  on conf igurat ion w i t h  leading-edge def lect ion:  
t a i l  on 
t a i l  o f f  
Figure 
















Ef fec t  o f  1 eadi ng-edge de f  1 ect  ions on l a  te ra  1 - d i  r e c t i  ona 1 
s tab i  1 i t y  der iva t ives  
E f fec t  o f  t a i l s  oii l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  der iva t ives  
Ef fec t  o f  vent ra l  on l a te ra l -d i rec t i ona l  s tab i  
Ef fect  o f  nacel les on l a t e r a l - d i r e c t i o n a l  stab 
E f fec t  o f  spo i le r /de f lec t ion  system 
Effect  o f  a i le rons  
E f fec t  o f  de f l ec t i ng  both a i le rons  and spo i le rs  
Latera l  con t ro l  ava i iab le  
E f fec t  o f  rudder def lect ion 
ty der iva t ives  










RESULTS AND DISCUSSION 
The data are presented - i n  f igures  4 t o  42 w i t h  on ly  l i m i t e d  analysis i n  
order t o  expedite pub l i ca t ion  o f  resu l t s .  
Long tud i  nal Aerodynam 
o f  P.JW V isua l i za t ion . -  Photographs 
4 and 5 f o r  a clean leading-edge conf 
t i o n  o f  0" and 30". The f lourescent  
c Character is t ics  
the t u f t  study are shown ,n gures 
gurat ion w i t h  t ra i l ing-edge f l a p  de f lec -  
t u f t s  were attached t o  the l e f t  wing 
panel f o r  these tests .  Tape used t o  seal the leading-and t ra i l ing-edge devices 
on the r i g h t  wing panel a l so  shows up i n  the photographs, i nd i ca t i ng  the wing 
ou t l i ne .  I n  general, the photographs i nd i ca te  tha t  spawise  f low i n d i c a t i v e  o f  
vortex flow s t a r t s  a t  the leading-edge o f  the outboard panel a t  about C( = -1" 
and moves inboard. 
the leading-edge and i s  very predominant i n  the outboard panel. 
flow pat te rn  moves inboard and rearward as angle of a t tack increases, 
A t  a = S o ,  there i s  spanwise f l ow  along the e n t i r e  span o f  
This spanwise 
There i s  
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l i t t l e  d i f fe rence i n  the f l o w  pat tern between f l a p  d e f l e c t i o t x  o f  0" and 30". 
This can be seen i n  the p i t ch ing  moment data, discussed l a t e r ,  where p i tch-up 
of both configurations occur a t  the same angle o f  a t tack.  
Pressure D is t r ibu t ions . -  The data obtained from the f i v e  spanwise rows o f  
surface pressure o r i f i c e s  are shown i n  f igures  6-9  f o r  a sample o f  representa- 
t i v e  conf igurat ions.  A more canplete presentat ion o f  the pressure data i s  
reported i n  reference 8. The conf igurat ions presented have leading-edge 
deflections of = O " ,  O " ,  O", 0", a", 0", and 
('f,le 1, 2, 3 ,  4, 5, 6 
of 0" and 30". 
(6f , le)  1, 2 ,  3, 4, 5, 6 
1 = 13, 34, 35, 35, 19, 29 w i th  t ra i l ing-edge de f l ec t i ons  
I n  general, the data ind icated t h a t  leading-edge d e f l e c t i o n  reduced the 
peak loading near the leading-edge and produced more loading on the outboard 
panel a t  higher ergles of. a t tack (up t o  19') compared t o  the clean leading-edge. 
The s lo t ted  t ra i l ing-edge f l a p  was very e f f e c t i v e  i n  producing a pressure 
loadjng when deflected 30" throughout the e n t i r e  range o f  angle of at tack.  
leading-edge loading was not a f fec ted  much by the s l o t t e d  t ra i l ing-edge f l a p  
sys tem. 
The 
P Ef fec t  o f  Segmented Leading-Edge Def lect ions.  - The e f f e c t  o f  segmented 
leading-edge f l a p  de f l ec t i on  i s  shown i n  f i g u r e  10 f o r  various t ra i l ing-edge 
f l a p  set t ings.  The basic c lean conf igurat ion w i t h  1eadiT.g- and t ra i l ing-edge 
f l aps  up exhib i ted a p i t c h  i n s t a b i l i t y  associated w i th  vortex l i f t  above 
CL = .3. Leading-edge de f l ec t i on  reduced the vortex l i f t  and p i t c h  i n s t a b i l i t y ,  
and general ly reduced vortex drag, however, i t  d i d  not delay the angle o f  a t tack  
a t  which p i tch-up occurred. The maximum L/D produced, L/D =10.60at  CL = 0.26, 
W ~ S  made for  a conf igurat ion of (6f,le) ,-6 = 13, 34, 35, 19, 29 and df = 0". , e  
This i s  a substant ia l  improvement over the maximum L/D o f  7.44 a t  CL = .2  
obtained w i th  the clean ieading-edge. 
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Leadinq-Edge S u i t i m  e- Analysis. - A method o f  comparing conf igurat ions f o r  
t h e i r  leading-edge suct ion e f f e c t s  i s  discussed i n  reference 7 and i s  used here 
f o r  comparison purposes. 
conf igurat ions w i t h  curves ind ica t ing  the O-percent and 100-percent leading- 
edge suct ion drag polars. 
the fo l lowing equations using the data from the basic c lean conf igurat ion:  
Figure 22 compares drag polars o f  var ious leading-edge 
The leading-edge suct ion curves were obtained from 
The data .is shown i n  f igure 23 as a f r a c t i o n  o f  f u l l  leading-edge suct ion.  
amount of leading-edge suct ion i s  an nd ica t ion  o f  the aerodynamic e f f i c i e n c y  
o f  the leading-edge def lect ion.  
The 
The data i nd i ca te  t h a t  a leading-edge conf igura-  
= 13, 34, 35, 35, 19, 29 w i t h  6f,te = 0" Of ( * f , le )  1, 2 ,  3 ,  4, '5 ,  6, 
developed 92 percent suct ion a t  a CL = . 2 ,  whi le  the clean conf igura t ion  
developed less than 31-percent suct ion above CL = .2 .  With t ra i l i qg -edge  
flaps deflected 30°, the clean leading-edge conf igurat ion developed about 60- 
percent suct ion above CL = .45, however w i t h  the leading-edge s l i g h t l y  def lected, 
more suct ion was produced a t  the higher C L ' s  between 0.4.:CL < 0.7 
E f fec t  &Trailing-Edge Flap Deflection.- The e f fec ts  o f  t ra i l ing-edye f l a p  
de f lec t ions  are shown i n  f i g u r e  14 f o r  various leading-edge conf igurat ions.  
a few tests,  a i le rons  were def lected along w i t h  f laps t o  simulate a fu l l -span 
t r a i  1 i ng-edge f l a p  d e f l e c t  ion.  
I n  
The data o f  f i g u r e  14 ind icated tha t  the t ra i l ing-edge f l a p  system was 
e f f e c t i v e  i n  producing an increment i n  l i f t  accompanied by an increase i n  nose 
down p i tch ing  moments w i t h  p i t c h  i n s t a b i l i t y  delayed 
increase i n  L/D a t  higher CL's. The de f l ec t i on  o f  
t o  higher C L ' s ,  and an 
a i le rons  along w i t h  
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t ra i l ing-edge f l aps  resu l ted  i n  s l i g h t  increasqs i n  l i f t  and negative p i t c h i n g  
moments wi th l i t t l e  e f f e c t  on L/D. 
Hor izontal  T a i l  Effectiveness.- The h o r i t c n t a l  t a i l  provided a small 
s t a b i l i z i n g  cont r ibu t ion  up t o  the p i t c h  break on the p i t ch ing  moment curve. 
A t  C L ' s  above the p i t c h  break, the hor izopta l  t a i l  had l i t t l e  e f fec t  on 
p i t c h  s t a b i l i t y .  
Lonqi tudinal  con t ro l  ef fect iveness i s  provided by de f l ec t i ng  I 1 a l l  movable 
hor izonta l  t a i l ,  and data on the e f f e c t  o f  de f l ec t i ng  the hor i t r rn ta l  t a i l  
through a range o f  +5" t o  -15" a re  shown i n  f i g u r e  17. 
ind ica te  tha t  the t a i l  was e f f e c t i v e  i n  producing an increment i n  p i t c h i n g  
moment for  the range o f  de f l ec t i on  tested. 
Data f r o m  f i g u r e  11 
I n  order t o  invest igate the e f f e c t  o f  t a i l  de f l ec t i on  on a number o f  
conf igurat ions,  a t a i l . d e f l e c t i o n  o f  it = -10" was used w i t h  several 
conf igurat ions.  The data s r e  shown i n  f i g u r e  18. 
E f fec t  o f  Sideslip.- The e f fec ts  o f  s i d e s l i p  on the long i tud ina l  aero- 
dynamic charac ter is t i cs  are shown i n  f i g u r e  2:. 
s t a b i l i z i n g  e f f e c t  on the clean conf igurat ion and s l i g h t  des tab l i z ing  e f f e c t  
on the h i g h - l i f t  conf igurat ion a t  h igh CL 's .  
The data show a s l i g h t  
La tera l  D i rec t iona l  S t a b i l i t y  Character is t ics  
The effects of s i d e s l i p  on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  cha rac te r i s t i cs  
a re  shown i n  f igures  24 t o  27. 
and hor izonta l  t a i l s ,  vent ra l ,  and nacel les on l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
der iva t ives  are shown i n  f i gu res  28 t o  32. 
The e f f e c t  of' leading-edge de f lec t ion ,  v e r t i c a l  
The la te ra l -d i rec t i ona l  s t a b i l i t y  
, and C I B ,  were determined from data a t  B = 0" and 'nB der ivat ives,  
6 = 5". 
11 
The data i n d i w t e d  tha t  leading-edge f l ap  de f l ec t i on  decreased d i r e c t i o n a l  
The t a i l  cont r ibuted a pos i t i ve  increment o f  d i r e c t i o n a l  s t a b i l i t y  
The 
s t a b i l i t y .  
although the ef fect  genera l ly  decreased a t  above angles o f  a t tack  o f  16". 
vent ra l  had l i t t l e  e f fec t  on the c lean leading-and t ra i l ing-edge f lap conf igura- 
t ion ,  but on the f laps-def lected conf igura t io i i  shown on f i g u r e  31, the vent ra l  
decreased d i rec t i ona l  s t a b i l i t y  above cx = 14". The add i t ion  o f  the nacel les 
ind icated a s l i g h t  increase i n  l a t e r a l  s tab i  , i t y .  
La te ra  1 /Di rect  i ona 1 Control Characteri s t i  cs 
Latera l  con t ro l  ef fect iveness was provided by de f l ec t i ng  d i f f e r e n t i a l  a i l e ron  
and use of a s l o t t e d  spo i le r /de f lec t io i i  system (see f i g u r e  2) .  
de f l ec to r  was def lected i n  a normal pos i t i on  3 t  the inboard 3-14 midspan loca t i on  
of the r i g h t  wing an i n  an inver ted pos i t i on  a t  an outboard l oca t i on  on the 
l e f t  wing t o  produce r i g h t  r o l l ;  i.e., pos i t i ve  ACL. 
w i t h  the r p o i l e r s  def lected alone without s lo t ted  def lectors .  
The e f fec ts  of the spoiler/de;lector system on l a t e r a l  cont r : l  are shown i n  
The spo i le r /  
A few t e s t s  were made 
f igures  33 and 34. Giith t ra i l ing-edge f l aps  up, the data ind icated a reversa l  
i n  r o l l  cor?trol  on conf igurat ions w i th  spo i le r /de f lec to rs  deployed i n  the mid- 
span positio,,, inboirrd and mid-span pos i t iw, ,  or  w i t h  spo i le rs  def lected alone i n  
the inboard and mid-span pos i t ion .  
oictboard pos i t i on  produced a pos i t i ve  increment o f  C, fora the basic c lean 
c m f i g u r a t i a n .  With t ra i l ing-edge f l aps  deflected, the data ind icated t h a t  
the s lo t ted  spo i le r /de f lec to r  system and the uns lot ted spo i l e r  alone was 
c f fec t i ve  i n  producing a p o s i t i v e  increment o f  l a t e r a l  con t ro l .  On a conf igura- 
Only the inver ted  spo i l e r /de f l ec to r  i n  the 
t i o n  w i t h  leading-edge and t ra i l ing-edge f laps  def lected 30' 
inboard and midspan spo i l e r  de f l ec t i on  produced almost the same amount of l a t e r a l  
2 combination o f  
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control as the slotted spoiler/deflection system. The outboard inverted 
sooilerideflector provided no positive increment i n  roll control i n  th is  
configuration. 
The effects of sideslip on lateral-directional characteristics on a 
configuraticn with spoiler deflection alone on the inboard and mid-span are 
shown in figure 35.. 
the inbcard and mid-span location, there i s  enoirgh laterai control t o  trim the 
rolling moment for a sideslip of 10" u p  t o  an angle o f  attack of 5" for th i s  
The data indicated that with spoiler deflection alone a t  
- configuration w i t h  leading-edge deflection of (6f , le  1 1 ,  2, 3 ,  4 ,  5 ,  6 - 
13, 34, 35, 35, 19, 29 6f,te = 30". 
The effects of differential aileron deflections on lateral directional 
characteristics are showr. in fiqures 36 and 37. The data indicated thi:. 
lateral control effectiveness with differential aileron deflections decreased 
with increasing angle of attack. 
A combination of deflecting spoilers and differential ailerons was tested 
in order 
are shown 
avai la bl e 
The da ta  
o achieve maximum roll control. 
in figure 39. 
and required for trimning rolling moments due to  a sideslip of 10". 
ndicates t h a t  the combination of deflecting ailerans and spoilers 
The results o f  this configuration 
Figure 40 i l lustrates t h e  amount of roll control 
produced enough lateral control to trim out  moments due to sideslip o f  10" 
for angles of a t t a c k  u p  t o  i l " .  
Presented in figure 41 are the effects of rudder deflection on lateral-  
directional characteristics. TIL d a t a  indicate t h a t  rudder deflections up to 
25" provide a constant increment of directional control for the angle of attack 
range tested. 
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The r e s u l t s  o f  s t a t i c  fo rce  
arrow-wi ng supers oni c t ranspor t  
f o l  lowing conclusions : 
1. The basic conf igura t ion  
vortex l i f t  above CL = . 3 .  
2. Leading-edge d e f l e c t i o n  
3 .  Leading-edge de f lec t i cn  
CONCLUSIONS 
tes ts  of a l / lO-sca le  model of an advanced 
designed f o r  c ru ise  a t  Mach 2.2 i nd i ca te  the 
exh ib i ted  a p i t c h  i n s t a b i l i t y  associated with 
reduced vortex 1 i f t  and p i t c h  i n s t a b i l i t y .  
improved maxiniuni L/D over the c lean conf igurat ion.  
4. The s ing le -s lo t ted  t ra i l ing-edge f l a p  system was e f f e c t i v e  i n  producing 
an increment o f  l i f t. 
delay i n  p i t c h  i n s t a b i l i t y  t o  higher CL's, and an increase o f  L/D a t  h igher 
C L ' s  associated w i t h  t ra i l ing-edge f l a p  de f lec t ion .  
def lect ions t o  simulate f u l l  span t ra i l ing-edge f l aps  had l i t t l e  e f f e c t  on L/D. 
There was a lso  an increase o f  nose dow p i t ch ing  moments, 
Use of droop a i l e r o n  
5. Leading-edge de f l ec t i on  \vas e f f e c t i v e  i n  improving the leading-edge 
suct ion.  Analysis o f  leading-edge suct ion ind icated a leading-edge conf igura- 
t i o n  of (cTf,le) 1, 2, 3 ,  4 ,  5, 6 = 13, 34, 35, 35, 19, 29 wi th  t ra i l ing-edge 
f laps  up produced %?-percent suct ion a t  CL = .2, which i s  a la rge  improvement 
over the leading-edge suct ion of 31-percent f o r  the c lean conf igurat ion.  
6. Def lect ing leading-edge f l aps  decreased d i rec t i ona l  i n s t a b i l i t y  a t  
higher angles o f  a t tack.  
7. With t ra i l ing-edge f l a p s  of 0", a l l  spo i l e r /de f l ec to r  combinations 
except the outboard inver ted spo i le r /de f lec to r  were i ne f fec t i ve  i n  producing 
pos i t i ve  ro l l  cont ro l .  
edge f l a p  de f lec t ion .  
the s l o t t e d  spo i le r /de f lec to rs  w i t h  the t ra i l ing-edge f l aps  def lected. 
Conibination o f  spo i l e r  and a i l e ron  de f lec t ions  produl2d enough 
The spo i l e r  system becaiiie niore e t f e c t i v e  w i t h  t r a i l i n g -  
Spoi lers alone provide almost as much r o l l  cont ro l  as 
8. 
l a t e r a l  con t ro l  t o  t r i m  out r o i l i n g  nionlents due to  s ides l i p  o f  10" up t o  an 
angle o f  a t tack o f  on ly  11". 
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TABLE I - Location of the Pressure Or i f ices  
STATION 1 rl = .125 
 UPPER^'^ LOWER 
. OG4- 
i -001 
.003 I/ .006 
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TABLE I - Concluded 
STATION 4 = .638 
 UPPER^/^ LOWER 























































































































50 55 60 65 64 7 0  
35 50 60 72  70  7 0  
65 65 65 65 64 70 
0 0 0 0 6 4 7 0  
65 0 0 0 64 70 
65 65 0 0 64 70 
65 65 65 0 64 70 
50 50 50 50 52 58 
50 50 50 50 35 44 
35 50 50 50 35 44 
35 50 50 50 0 0 
0 50 50 50 35 44 
0 0 50 50 35 44 
0 0 0 50 35 44 
0 0 0 0 3 5 4 4  
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Figure 22. - Comparison of drag polars of various leading-edge configurations with the 
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Figure 24. - Effect of sideslip on lateral-directional aerodynamic characteristics 
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Figure 25. - Effect of sideslip on lateral-directional aerodynamic characteristics 
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Figure 26. = Effect of sideslip on lateral- directional aerodynamic characteristics. 
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Figure 27. - Effect of sideslip on lateral-directional aerodynamic characteristics. 
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Figure 28. - Effect of leading-edge deflection on lateral-directional stability derivatives. 
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Figure 29. - Effect of tail components on lateral-directional stability derivatives of a . o  








Figure 30. - Effect of tails on lateral- directional stability derivatives. 
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Figure 32. - Effect of nacelles on lateral -directional stability rierivatives. 
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Figure 34. - Effect of spoiler/deflector on lateral-directional aerodynamic 
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Figure 33. - Effect of spoiler/deflector on the lateral - directional aerodynamic 
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Figure 34. - Effect gf spoiler/deflector on lateral-directional aerodynamic 
characteristics. (bf $1 2 3 4 6=13, 34,35,35,19,29,. 
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Figure 35. .. Effect of sideslip on laieral- directicnal aeradynamic characteristks 
6=13, 34,35,35,19,2%. bf,  te=3f .  with bS=601, 601,O. (6f le), 
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Figure 36. - Effect of differential aeieror -1: ::.&xi on lateral-di rectional ,aerodynamic 
characteristics of clean configuration. (6f le)l, 2,3,4,5,6'o19 O,O,O, 0. 
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Figure 37. Effect of ailerons on lateral-directional aerodynamic charateristics, 
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Figure 37. - Concluded. 
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Figure 38. - Effect of sideslip on configuration with ba=+ 30". 
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Figure 39. - Effect of deflecting ailercns and spoilers on lateral-directional characteristics. 
(& le)l 2 3 4 5 6=13,34,35,35,N, 29. bf te'30". 6a=* 300. 65=601 $01, O. 
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figure 4). - Effgt of rudder on lateral-directional aerodynamic characteristics. f3=O0. 
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Figure 42. - Effect of sideslip on lateral- directional aerodynamic characteristics with 
Appendix - Presentation o f  Tabulated Data 
The synbols used i n  the data tabu la t ion  i r e  defined as fo l lows: 
ALPHA Angle o f  attack, deg 
BETA Angle o f  s ides l ip ,  deg 
CD Drag c o e f f i c i e n t ,  s t a b i l i t y  ax i s  





L/D L i  f t- to-drag r a t i o  
P i tch ing  moment coe f f i c i en t ,  s t a b i l i t y  ax is  
R o l l i n g  moment c o e f f i c i e n t ,  body as i s  
Side fo rce  c o e f f i c i e n t ,  body ax is  
Yawing moment c o e f f i c i e n t ,  body ax i s  
Table P-I . -Run schedule. 
.- 








































BWN HV (Ven- 
t r a l  removed) 
5 
BWN V (Ventral0 
IO removed) 
.S; 






0 ,  
2 


























I Spoi l e r s  I . it 6, i & a .  
Inboard 6f t e  
30 
1 .  I 
20 
10 
, o  














Table A-I. - Continued. 
I 
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Table 8-1. - Continued. 
0 
- 













Spoi 1 ers 
.- 
. !  1 i I 
i Run jConfigurationi 8 ; l  12 3 4 5 1  6 i 6 



















I .  
15 
0 



























I I j  



















* I  
t 
I 





































































Table A-I. - Concluded. 
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